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(54) LIGHT DIFFUSING RESIN 
(57)Abstract: 

PURPOSE: To obtain a composition suitable for lighting cover, having a fixed particle 
diameter distribution, small particle diameter, high light scattering properties and high light 
transmrttance. 

CONSTITUTION: Fine particles of crosslinked polymer having 1-30nm average particle 
diameter and a standard deviation of particle diameter distribution of S20% average 
diameter. The polymer has preferably 2-15nm average particle diameter, is spherical and 
is obtained by copolymerizing methyl methacrylate and/or styrene with a polyfunctions! 
(meth)acrylate. 
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(54) [Title of the invention] 

Light diffusing resin 



(57) [Abstract] 

[Constitution] A light diffusing resin constituted 
by a substantially transparent resin having dispersed 
therein fine crosslinked polymer particles having an 
average particle size in the range of 1-30 j-irn, with the 
standard deviation of the particle size distribution 
being 20% or less of this average particle size. 
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[Constitution] Such light diffusing resins combine 
high light scattering and high light transmission and 
can be used advantageously for lighting covers, displays 
and illuminated signs and the like. 
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[Claims] 

[Claim 1] Light diffusing resin constituted by a 
substantially transparent resin having dispersed therein 
fine crosslinked polymer particles, having an average 
particle size in the range of 1-30 ^im, with the standard 
deviation of the particle size distribution being 20% or 
less of this average particle size. 

[Claim 2] Light dispersing resin described, in Claim 
1 wherein the substantially transparent resin is a resin 
in which the principal constituent is at least one 
selected from a methacrylic resin, polystyrene resin, 
polycarbonate resin, epoxy resin and poly (vinyl chloride 
resin) . 

[Claim 3] Light dispersing resin described in Claim 
1 wherein the crosslinked polymer particles are of a 
copolymer of a methyl (meth) aery late - and/or . styrene, 
with a polyfunctioned (meth) acrylate . • 
[Detailed explanation of the invention] 

[0001] 

[Field of industrial application] The present 
invention relates to light diffusing resins ideal for 
use as materials in different ■ types of displays, 
illuminated signs, translucent screens, lighting covers 
and the like for which a light diffusing function is 
required. 

[0002] 

[Prior art and problem which the invention is 
intended to solve] Materials comprising a transparent 
plastic with fine organic or : inorganic particles 
dispersed therein are known as prior light diffusing 
materials used for lighting covers, screens and the 
like. Among the capabilities required in these 
materials, uniform diffusion of light over the widest 
possible range is important. In this connection, since 
the quantity of light emitted by a light source is 
constant, current practice is to optimise the material 
to give the most preferred illuminance and breadth, by 
altering parameters such as the concentration and 
particle size of the light diffusing material. Moreover, 
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various materials have been produced - based on 
differences in refractive index between the resin and 
the fine particles constituting the light diffusing 
material as an index. However, no light diffusing 
materials exist which are fully satisfactory for 
applications such as screens for rear projection 
television or light diffusing electroluminescent (EL) 
substrate materials, which are required to have high 
light scattering. 
[0003] 

[Means for solving the problem] The present 
invention has been perfected as the result of concerted 
research by the inventor directed towards obtaining 
superior light dif fusing • materials, in- the light of the 
situation above, with the discovery that the particle 
size distribution of the fine particles dispersed within 
the resin is an important factor in determining . light 
diffusion performance and that light diffusing resins 
which have outstanding light diffusion performance and 
do not colour the transmitted light can be obtained if 
the particle size distribution is within a set range; 

[0004] Thus, the present invention offers light 
diffusing resins constituted by a substantially 
transparent resin having dispersed therein fine cross - 
linked polymer particles having an average particle size 
in the range of 1-30 urn, with the standard deviation of 
the particle size distribution being 20% or less of this 
average particle size. 

[0005] The average particle size of the fine cross- 
linked polymer particles used in the present invention 
is in the range 1-30 |am, and is preferably in the range 
2-15 Jim. An average particle size of less than 1 [im is 
undesirable because the transmitted light is coloured; 
and more than 3 0 urn is less than ideal because the 
intensity of scattering of the transmitted light tends 
to be lowered. 

[0006] In the present invention, the standard 
deviation of the particle size distribution is 20% or 



r 5 - 



less of the average particle size thereof: i.e. the fine 
particles need to have high monodispersity . When this 
standard deviation is greater than 20% , i.e. with 
polydisperse fine particles, it is impossible to achieve 
both satisfactory light scattering and satisfactory 
light transmission. 

[0007] Although there is no specific restriction as 
to the shape of the fine crossl inked polymer particles, 
they are preferably spherical. In addition, the surface . 
of the fine particles can be porous. : 

[0008] Fine crosslinked polymer particles having an 
average particle size and particle size distribution 
within these set ranges can be produced, for example, by. ' 
grading fine crosslinked polymer particles' obtained by 
using suspension polymerization, so as to regulate the 
particle size,, or by using, so-called seed polymerization *. 
in order to produce fine, crosslinked polymer particles : - 
having a regulated particle size. 

[0009] There is no specific restriction as to the 
polymer constituting the fine crosslinked polymer' 
particles employed in the present invention,- but 
examples include crosslinked styrene copolymers such as 
styrene/divinylbenzene, styrene/ethylene: glycol 

dimethacrylate and styrene/butadiene copolymers, cross- 
linked (meth) acrylate ester copolymers such as methyl 
(meth) acrylate/divinylbenzene, methyl methacrylate/- 
ethylene glycol dimethacrylate and methyl 

(meth) acrylate/methylenebisacrylamide copolymers, * cross-" 
linked olefinic compolymers such as ethyl ene/butadiene, ' 
methyl vinyl ether/divinyloxybutane, vinyl acetate/ - 
divinyloxybutane and vinyl chloride/divinylbenzene 
copolymers. When methacrylate resin is used as the base, 
fine particles obtained by copolymerizing methyl 
methacrylate and/or styrene with a polyfunctional 
(meth) acrylate can be ideally used. As such poly- ^ 
functional (meth) acrylates , (poly) ethylene glycol 
di (meth) acrylates such as ethylene glycol 

di (meth) acrylate, diethylene glycol di (meth) acrylate and 
tetraethylene glycol di (meth) acrylate, glycol 



di (meth) acrylates such as propylene glycol di- 
. (meth) acrylate, 1 , 3-butanediol di (meth) acrylate, tetra- 
ethylene glycol (meth) acrylate and neopentyl glycol 
(meth) acrylate and (meth) acrylates of polyhydric 
alcohols such as trimethylolpropane tri (meth) acrylate 
and pentaerythritol tetra (meth) acrylate can be employed. 

[0010] The base resin of the light diffusing resin 
needs to be a substantially transparent resin, and the 
higher the transparency (light transmission) the better. 
Resins of this type such as methacrylic renins, epoxy 
resins, polycarbonate resins, polystyrene resins and 
poly (vinyl chloride) resins can be employed. 

[0011] As the process for producing - light diffusing 
resins of the present invention, for example, afore- 
mentioned fane crosslinked polymer pairtibles can be 
dispersed in the polymerizable monomers or a' syrup of 
partially polymerized polymerizable-; monomers -■ and 
polymerized therewith, or the fine * crosslinked polymer 
particles and a pre-prepared base- polymer"-' can be melt 
compounded and pressed. And when the light diffusing 
resin is to be formed into a thin film, a method such as 
screen-printing can be used. 

[0012] The inclusion rate of fine crosslinked 
polymer particles in the light diffusing resin is 
preferably 1-10 wt%; a high percentage addition of fine 
particles is undesirable because* light transmission is 
lowered. Similarly, with less than 1% it is impossible 
to obtain the full advantageous effects of the present 
invention. When a methacrylic resin is used as the base, 
it is desirable that the refractive index of the fine 
crosslinked polymer particles be of the order of 
1.50-1.54, since the refractive index of methacrylic 
resins is ordinarily of the order of 1.49. 

[0013] 

[Effects of the invention] In light diffusing 
resins of the present invention the dispersed particles 
have a small particle size and a narrow particle size 
distribution, and as a consequence combine high light 
scattering and high light transmission and are ideal for 



,- 7 - 



applications such as lighting covers, displays of 
different kinds and illuminated signs, 
[0O14] 

[Examples] The present invention is described in 
more detail below by means of practical examples; 
however, the present invention is not restricted to 
these examples. In the examples, "parts" indicates parts 
by weight and *%* indicates wt%. 

[0015.] Example 1 

A mixed solution of 79 .parts of methyl methacrylate 
(MMA) , 19 parts of styrene,. 2 parts of ethylene glycol 
dimethacrylate and 1,0 part of 2,2-azobis- 
isobutyirqnitrile was added to 1000- parts, of a. 3% aqueous 
solution .of poly (vinyl alcohol), finely dispersed 
therein and polymerized for 15- hours at 70 °C under a 
: stream of nitrogen gas./ with continuous stirring. This 
w$s followed by a grading operation - to obtain : • f ine 
crosslinked. polymer particles having an average particle 
size of 6.3 Jim, with a standard deviation of 1.1 \im\ The 
results of determination of the refractive index of 
these fine particles, found by determining shifts in the 
Bekke lines under a microscope in accordance with JIS K 
7105, was '1.514. An acrylic resin sheet 1 mm thick was 
made using the fine crosslinked resin particles obtained 
above. Thus, 91 parts of MMA, 9 parts of ethyl acrylate 
and 0.1 part of azobisisobutyronitrile were mixed and 
polymerized for one hour at 60 °C, to obtain an acrylic 
resin syrup. The aforementioned fine particles were 
added (1.5 parts) to this syrup and dispersed therein, 
and the mixture was injected into a mould comprising two 
sheets of glass fitted with a gasket, and after removing 
air it was polymerized by heating for 2 hours at 80°C 
and then for 2 hours at 12 0°C. This gave a light 
diffusing resin in the form of a thin sheet with the 
sheet thickness adjusted to 1 mm. 
[0016] Examples 2-7 

Fine particles with different particle sizes were 
obtained by the same method as in Example 1, except that 
the resulting particle size was controlled by altering 
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the speed of stirring of the liquid dispersion when 
synthesizing the fine crosslinked polymer particles. 
These were used as in Example 1 to obtain the light 
diffusing sheets indicated in Table 1. 
[0017] Comparative examples 1-3 

Particles were synthesized by the same method as in 
Example 1," without precise grading after polymerization. 
These fine, particles were used as in Example 1 to obtain 
the light diffusing sheets indicated in Table 1. 

[0018] Test examples 

The light transmission, light scattering capability 
and light scattering of the light diffusing resins 
obtained in the aforementioned examples, and comparative 
examples were evaluated. 

[Methods] ' 

(1) Light transmission • . 

Light transmission was evaluated by measuring "total 
light transmission using an integrating spherical light, 
transmission meter. 

(2) Light diffusing capacity 

Light . diffusing capacity was; evaluated by 
illuminating a test piece in the form of a sheet from 
behind, and measuring the ratio of total light 
transmission (T t ) and diffuse light transmission (T d ) - 
i.e., the haze value (H) . The haze value was calculated 
by means of Equation 1 

[Equation 1] 

H (%) = [T d (diffuse light transmission: %) ] / [T t 
(total transmission: %)] x 100 

(3) Light diffusion 

A 10W fluorescent bulb was places at a distance of 
10 cm behind the test piece in the form of a sheet and 
the test piece was observed visually from the front. 
O : Outline of the fluorescent bulb not visible 
A : Outline of the fluorescent bulb slightly visible 

[Table 1] 
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[Results] As the results in Table 1 show, both 
light transmission and light diffusion were satisfactory 
for the light diffusing resins of the present invention, 
wherein the average particle size and particle size 
distribution of the fine crosslinked polymer particles 
were within set ranges. 
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